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(54) METHOD OF CONNECTING CONDUCTORS OF STACK STRUCTURE, AND STACK STRUCTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To easily connect the conductors of electric 
parts constituting the stacks without increasing the setup time, the number 
of parts, the storage space, etc. 

SOLUTION: A stack structure is composed of an inverter stack consisting 
of the stack of GTO thyristors 10 and 12 equipped with inflexible 
conductors 10A, 10K, 12A, and 12K and cooling bodies 22-24. The 
conductor 10A of the GTO thyristor 10 and the conductor 12K of the GTO 
thyristor 12 are connected with each other. In this connection method, one 
end fac of a flexible lead 40 and the end face of the conductor 10A are 
conn cted with each other by electric beam welding, and the other end 
fac of the flexible lead 40 and the end face of the conductor 1 2K are 
connected with each other by electronic beam welding, using the flexible 
I ad 40 being a flexible conductor having an end in sectional form roughly 
equivalent to the sectional form of the conductors 10A and 12K. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] flexibility characterized by providing the following ~ a conductor - using -- said flexibility - said improper 
flexibility of one end face of a conductor, and one [ said ] electrical part -- an end face of a conductor - electron beam 
welding -- connecting - said flexibility said improper flexibility of an electrical part of an other-end side of a 
conductor, and said another side — a conductor of the stack structure characterized by connecting an end face of a 
conductor by electron beam welding a connection method improper flexibility - two or more electrical parts equipped 
with a conductor said improper flexibility of two electrical parts of the stack structure which consist of layered products 
with two or more components other than said electrical part a conductor a conductor of the stack structure which 
connects comrades electrically — a connection method — setting - said improper flexibility - a cross-section 
configuration of a conductor - almost - an edge of a cross-section configuration of equivalence 
[Claim 2] claim 1 - setting ~ said flexibility - a conductor of the stack structure characterized by a conductor 
consisting of layered products of sheet metal of two or more sheets - a connection method. 
[Claim 3] a conductor of the stack structure characterized by said stack structure consisting of semiconductor stacks 
which consist of a layered product of a semiconductor device means and a cooling means to cool this semiconductor 
device means in claim 1 — a connection method. 

[Claim 4] claim 1 - setting - said said flexibility - a conductor of the stack structure characterized by on the whole a 
conductor serving as a U character mold configuration - a connection method. 

[Claim 5] The stack structure characterized by providing the following improper flexibility — two or more electrical 
parts equipped with a conductor In the stack structure which consists of a layered product with two or more components 
other than said electrical part It is a conductor, said improper flexibility - a cross-section configuration of a conductor, 
and flexibility which has an edge of a cross-section configuration of equivalence mostly - It connects with an end face 
of a conductor by electron beam welding, said flexibility - one end face of a conductor - said improper flexibility of 
one [ said ] electrical part - said flexibility « an other-end side of a conductor - said improper flexibility of an 
electrical part of said another side — connecting with an end face of a conductor by electron beam welding - said 
improper flexibility of said two electrical parts - a conductor - flexibility which connects comrades electrically - a 
conductor 

[Claim 6] claim 5 - setting - said flexibility - the stack structure characterized by a conductor consisting of layered 
products of sheet metal of two or more sheets. 

[Claim 7] It is the stack structure characterized by consisting of semiconductor stacks which consist of a layered product 
with a cooling means by which said stack structure cools a semiconductor device means and this semiconductor device 
means in claim 5. 

[Claim 8] claim 5 - setting — said flexibility - the stack structure characterized by on the whole a conductor serving as 
a U character mold configuration. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the conductor of two electrical parts of the stack structure with which 
this invention consists of layered products of two or more components — the conductor of the stack structure which 
connects comrades -- the conductor of the stack structure which connects the conductor of the semiconductor devices of 
a semiconductor stack with which the connection method was started, especially the laminating of a semiconductor 
device and the cooling components was carried out by turns - it is related with a connection method, moreover, this 
invention — this conductor -- it is related with the stack structure which consists of layered products of the electrical part 
connected by the connection method. 
[0002] 

[Description of the Prior Art] In order to operate an electrical part under a high current or the high voltage, it is common 
to carry out the laminating of two or more electrical parts through other components, to constitute a stack, to connect 
with a serial or juxtaposition electrically and to use the conductor of each electrical parts in this stack for it. For 
example, the inverter stack is constituted as an inverter which performs Pulse-Density-Modulation control by carrying 
out the laminating of two or more gate turn-off thyristors (GTO thyristor) and cooling objects by turns. That is, since the 
thermal runaway of the GTO thyristor will be carried out and it will lose the function if junction temperature exceeds 
predetermined temperature during energization, it constitutes the inverter stack by carrying out the laminating of the 
cooling object and GTO thyristor of an ebullition cooling system by turns so that junction temperature may not become 
larger than predetermined temperature. 

[0003] Drawing 2 is the schematic diagram showing how the semiconductor device was connected in the conventional 
inverter stack. The layered product which consists of the cooling object 22, the ALN board 14, GTO thyristor 10, the 
ALN board 15, the cooling object 23, the ALN board 16, GTO thyristor 12, an ALN board 17, and a cooling object 24, 
i.e., an inverter stack, is constituted by making the cooling objects 22-24 of the ebullition cooling system 20 carry out 
pressurization contact of two flat tip GTO thyristors 10 and 12 by a diagram through the alumimium nitride (ALN) 
boards 14-17 used as an electric insulating plate. The ebullition cooling system 20 consists of the interconnecting tubes 
26-28, the liquid return pipes 29-3 1, and the cooling objects 22-24 containing the common condenser 25 and a bellows 
gaseous-phase pipe. Pyrexia of GTO thyristors 10 and 12 is transmitted to the cooling objects 22-24 through the ALN 
boards 14-17. With the cooling objects 22-24, with the heat, a refrigerant boils and it evaporates. The vaporized 
refrigerant goes up interconnecting tubes 26-28, is led to the common condenser 25, and is liquefied there. The liquefied 
refrigerant is temporarily stored by the common condenser 25, falls on the cooling objects 22-24 through the liquid 
return pipes 29-31, and returns. The ebullition cooling system boiled the refrigerant at the cooling objects 22-24, was 
evaporated, and has controlled the temperature rise of GTO thyristors 10 and 12 by making it liquefy with the common 
condenser 25. 

[0004] thus, the conductor of the semiconductor device 10 and 12, i.e., GTO thyristors, which is the electrical part 
which constitutes an inverter stack — the case where comrades are connected — the connection — a conductor needs to 
secure a good contact condition and a good touch area, after absorbing the size error which each components have, on 
the other hand - the anode of GTO thyristors 10 and 12 - Conductors 10A and 12A and a cathode - since it is required 
that the condition should not change with time while flatness, flatness, etc. of the field are specified, generally 
Conductors 10K and 12K consist of copper plates of one sheet of improper flexibility in which flexibility is not shown. 
Therefore, as shown in drawing 2 , pressurization contact of GTO thyristors 10 and 12 is carried out at the cooling 
objects 22-24. Crookedness processing is carried out. a case so that each other may be connected to a serial - the anode 
of GTO thyristor 10 - a conductor - the edge of 10A, and the cathode of GTO thyristor 12 - a conductor - so that the 
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edge of 12K may become parallel mutually moreover, another anode ~ conductor 12A and a cathode a conductor - 
10K - an anode — a conductor - 10A and a cathode - a conductor - crookedness processing is carried out in order to 
secure the distance for insulation with the bolt 55 and nut 56 which bind 12K tight, such a configuration — setting - the 
manufacture error of each components — taking into consideration an anode - a conductor — 10A and a cathode - a 
conductor — between 12K — beforehand — a crevice — securing — an anode — a conductor — 10A and a cathode — a 
conductor — between the edge, a spacer 13 is inserted so that stress may not be applied to 12K, and it binds tight and 
connects with the bolt 55 and the nut 56. 

[0005] Drawing 3 is another schematic diagram showing how the semiconductor device is connected in the 
conventional inverter stack. In draw ing 3 , since the same sign is given to the thing of the same configuration as drawing 
2 , the explanation is omitted, this inverter stack ~ the anode of GTO thyristors 10 and 12 — a conductor — 10A and a 
cathode — a conductor — no 12K are processed, but through the flexible lead 40 with flexibility, those edges bind them 
tight with bolts 55 and 57 and nuts 56 and 58, and they are connected, in addition, the cathode of GTO thyristor 10 - a 
conductor - the anode of 10K and GTO thyristor 12 — a conductor - as [ show / 12A / in drawing / in order to secure 
the distance for insulation between the bolts 55 and 57 for bolting ] — crookedness processing is carried out stair-like, in 
addition, drawing 2 and drawing 3 - setting - the cathode of GTO thyristor 10 - a conductor - the anode of 10K and 
GTO thyristor 12 - a conductor - 12A is bound tight and connected to the outer conductor with bolts 51 and 53 and 
nuts 52 and 54, respectively. 
[0006] 

[Problem(s) to be Solved by the Invention] the conventional technology of drawing 2 -- a crevice - beforehand -- 
expecting - the anode of GTO thyristors 10 and 12 — a conductor - 10A and a cathode - a conductor -- the time of 
carrying out crookedness processing of 12K, and constituting an inverter stack - an anode — a conductor — 10A and a 
cathode — a conductor — bolting is inserted and carried out, adjusting a spacer 13 to the crevice made among 12K by 
gauging, moreover -- the conventional technology of drawing 3 -- the anode of GTO thyristor 10 - a conductor - the 
cathode of 10A and GTO thyristor 12 — a conductor - the both ends of the flexible lead 40 are connected at the tip of 
12K by bolting. Therefore, in order to process the configuration of a conductor or to carry out bolting, time amount is 
required, and there is a problem that the overall assembly time amount of a stack increases. Moreover, there is also a 
problem of components, such as a spacer, a bolt, a nut, and a washer, being required in the case of drawing 2 , 
components, such as a bolt, a nut, and a washer, being required for the both ends of the flexible lead 40 respectively to 
be drawin g 3 , and causing increase of components mark, furthermore — each — a conductor — in order to secure the 
distance for insulation between between, a bolt, a nut, etc., there is also a problem that storage space etc. increases. 
[0007] the conductor of the electrical part which constitutes a stack, without making this invention in view of an above- 
mentioned point, and making assembly time amount, components mark, storage space, etc. increase — the conductor of 
the stack structure which can connect comrades easily — it aims at offering a connection method and the stack structure. 
[0008] 

[Means for Solving the Problem] a conductor of the stack structure indicated by claim 1 ~ invention of a connection 
method In a connection method improper flexibility — said improper flexibility of two electrical parts of the stack 
structure which consist of layered products of two or more electrical parts equipped with a conductor, and two or more 
components other than said electrical part - a conductor — a conductor of the stack structure which connects comrades 
electrically - A conductor is used, said improper flexibility — a cross-section configuration of a conductor, and 
flexibility which has an edge of a cross-section configuration of equivalence mostly — said flexibility — said improper 
flexibility of one end face of a conductor, and one [ said ] electrical part — an end face of a conductor — electron beam 
welding - connecting - said flexibility - said improper flexibility of an electrical part of an other-end side of a 
conductor, and said another side — an end face of a conductor is connected by electron beam welding, this invention — 
flexibility — since a conductor is connected by electron beam welding, assembly time amount is made short and 
components for binding [ nut / a bolt, ] tight can be omitted, moreover, a thing to connect by electron beam welding - 
the improper flexibility of an electrical part - a conductor and flexibility - a contact surface condition with a conductor 
is maintainable good, moreover, flexibility ~ since a conductor connects, while a size error of each part article is 
absorbable, it is effective in the ability to stop storage space as much as possible. 

[0009] a conductor of the stack structure indicated by claim 2 - invention of a connection method - claim 1 - setting - 
said flexibility - a conductor consists of layered products of sheet metal of two or more sheets, since the cross-section 
configuration can be made into a rectangle of magnitude of arbitration according to width of face and number of sheets 
of sheet metal which cany out a laminating - the improper flexibility of an electrical part — a cross-section 
configuration of a conductor, and flexibility which has an edge of a cross-section configuration of equivalence mostly 
a conductor can be created easily. 
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[0010] a conductor of the stack structure indicated by claim 3 - invention of a connection method constitutes said stack 
structure from a semiconductor stack which consists of a layered product of a semiconductor device means and a 
cooling means to cool this semiconductor device means in claim 1 . Although there were some which carried out the 
laminating of the various electrical parts in the stack structure, in this invention, that electrical part was limited to a 
required semiconductor device of cooling. A required semiconductor device of cooling has many things for high current 
high voltages, and is because it has a conductor of improper flexibility in many cases. 

[001 1] a conductor of the stack structure indicated by claim 4 ~ invention of a connection method ~ claim 1 - setting ~ 
said flexibility - on the whole, a conductor serves as a U character mold configuration, electron beam welding - 
flexibility - if a conductor becomes a U character mold configuration on the whole - this flexibility - it has an effect of 
a useless space stopping occurring with a conductor. 

[0012] Invention of the stack structure indicated by claim 5 In the stack structure which consists of a layered product of 
two or more electrical parts equipped with a conductor, and two or more components other than said electrical part 
improper flexibility — It is a conductor, said improper flexibility — a cross-section configuration of a conductor, and 
flexibility which has an edge of a cross-section configuration of equivalence mostly — It connects with an end face of a 
conductor by electron beam welding, said flexibility - one end face of a conductor - said improper flexibility of one 
[ said ] electrical part — said flexibility — an other-end side of a conductor — said improper flexibility of an electrical 
part of said another side — connecting with an end face of a conductor by electron beam welding — said improper 
flexibility of said two electrical parts - a conductor - flexibility which connects comrades electrically - it has a 
conductor, a conductor of the stack structure with which this invention was indicated by claim 1 - flexibility constituted 
by connection method - it is related with the stack structure which has a conductor. Therefore, the same various effects 
as invention of claim 1 mentioned above are enjoyable. 

[0013] invention of the stack structure indicated by claim 6 - claim 5 - setting - said flexibility - a conductor consists 
of layered products of sheet metal of two or more sheets, the contents as invention of claim 2 with this same - it is » the 
improper flexibility of an electrical part - a cross-section configuration of a conductor, and flexibility which has an 
edge of a cross-section configuration of equivalence mostly — a conductor can be created easily. 
[0014] Invention of the stack structure indicated by claim 7 constitutes said stack structure from a semiconductor stack 
which consists of a layered product of a semiconductor device means and a cooling means to cool this semiconductor 
device means in claim 5. This is the same contents as invention of claim 3, and limits an electrical part which constitutes 
the stack structure to a required semiconductor device of cooling. 

[0015] invention of the stack structure indicated by claim 8 - claim 5 - setting - said flexibility - on the whole, a 
conductor serves as a U character mold configuration, the contents as invention of claim 4 with this same - it is - 
flexibility - it has an effect of a useless space stopping occurring with a conductor. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained according to an 
accompanying drawing, drawing 1 - the conductor of the stack structure of this invention - it is drawing showing the 
outline configuration of a connection method and the stack structure. The layered product which consists of the cooling 
object 22, the ALN board 14, GTO thyristor 10, the ALN board 15, the cooling object 23, the ALN board 16, GTO 
thyristor 12, an ALN board 17, and a cooling object 24, i.e., an inverter stack, is constituted by making the cooling 
objects 22-24 of the ebullition cooling system 20 carry out pressurization contact of two flat tip GTO thyristors 10 and 
12 by a diagram through the alumimium nitride (ALN) boards 14-17 used as an electric insulating plate. The ebullition 
cooling system 20 consists of the interconnecting tubes 26-28, the liquid return pipes 29-31, and the cooling objects 22- 
24 containing the common condenser 25 and a bellows gaseous-phase pipe. The refrigerant which evaporated by 
performing heat exchange between atmospheric air is made to condense, it liquefies, and the common condenser 25 is 
stored in the interior. The cooling objects 22-24 begin to delete the metal block of copper, aluminum, etc. to a core box 
by machining, have many the fins and diaphragms for thermolysis in the interior, and have composition which stores a 
refrigerant there. Conductive refrigerants, such as an ethylene glycol aqueous solution, are used for this refrigerant. 
Therefore, between GTO thyristors 10 and 12 and the cooling objects 22-24, the ALN boards 14-17 for an insulation are 
inserted. Therefore, when using insulating refrigerants, such as chlorofluocarbon and fluorocarbon, for a refrigerant, 
these ALN boards 14-17 can be omitted. 

[0017] The cooling objects 22-24 and the common condenser 25 are connected by interconnecting tubes 26-28 and the 
liquid return pipes 29-3 1 . Interconnecting tubes 26-28 and the liquid return pipes 29-3 1 have double pipe structure, and 
the refrigerant which carried out heating ebullition and which was evaporated with the cooling objects 22-24 goes up 
between the interconnecting tubes 26-28 of an outside pipe, and the liquid return pipes 29-3 1 of an inside pipe, and is 
led to the common condenser 25. The bellows gaseous-phase pipe formed in a part of interconnecting tubes 26-28 
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absorbs expansion and contraction of each part by the temperature change. In addition, the insulating tube for insulating 
between the cooling objects 22-24 and the common condensers 25 besides a bellows gaseous-phase pipe may be formed 
in the middle of interconnecting tubes 26-28. 

[0018] The pyrexia from GTO thyristors 10 and 12 is transmitted to the cooling objects 22-24 through the ALN boards 
14-17. With the cooling objects 22-24, with the heat, a refrigerant boils and it evaporates. The vaporized refrigerant 
goes up between the interconnecting tubes 26-28 of an outside pipe, and the liquid return pipes 29-31 of an inside pipe, 
is led to the common condenser 25, and is liquefied there. The liquefied refrigerant is temporarily stored in the common 
condenser 25, falls on the cooling objects 22-24 through the liquid return pipes 29-31, and returns. Thus, the ebullition 
cooling system 20 boiled the refrigerant at the cooling objects 22-24, was evaporated, and has controlled the 
temperature rise of GTO thyristors 10 and 12 by making it liquefy with the common condenser 25. 
[0019] the conductor of the stack structure concerning the gestalt of this operation — the anode pulled out from GTO 
thyristors 10 and 12 in the connection method - a conductor — 10A and a cathode - a conductor - it becomes a U 
character mold configuration in electron beam welding about the flexible lead 40 which consists of a cross-section 
configuration of 12K, and two or more sheet metal groups which have the cross-section configuration of equivalence 
mostly - as - each - weldbonding is carried out to the conductor, the conductor with which electron beam welding is 
welded - an electron beam glares in parallel to the comparison section of an end face and the end face formed of a sheet 
metal group - having - the conductor of the comparison section - both are pasted up by dissolving both a metal and a 
sheet metal. The thing small if possible of the crevice formed in the comparison section of both metals is desirable. 
Therefore, it is necessary to grind the surface of the comparison section of both metals, and it is necessary to process it 
beforehand so that a crevice may become the minimum. 

[0020] thus, the thing for which the flexible lead 40 is joined using electron beam welding so that it may become a U 
character mold configuration - the anode of GTO thyristors 10 and 12 - a conductor - 10A and a cathode - a 
conductor - while the contact surface condition of 12K and the flexible lead 40 is maintainable good, the size error of 
each part article is absorbable. Moreover, soldering and TIG arc welding are also possible for both cementation. It is 
necessary to plate the contact surface of 12K from the purpose of antioxidizing. however - these cementation methods - 
- an anode — a conductor — 10A and a cathode — a conductor — each conductor — the plating section exfoliating with 
the heat of soldering or TIG arc welding, if the surface is plated previously, and, if it is going to plate after welding 
between the sheet metal of the flexible lead 40 - a plating solution - capillarity - permeating - the removal very 
much — difficult — becoming — the passage of time — a conductor — there is a problem of corroding from the surface. 
On the other hand, by adopting electron beam welding with big heat density, it plates to a conductor previously, and 
welding with sheet metal and a conductor can be performed, without damaging the plating. 

[0021] in addition, the conductor of the electrical part which constitutes each stack, such as semiconductor stacks not 
only this but other than this, a fuel cell stack, a diode rectifier stack, a power semiconductor stack, and a solid state 
switch stack, although the gestalt of above-mentioned operation explained to the example the inverter stack which 
consists of layered products of a GTO thyristor and a cooling object as the stack structure - when connecting comrades, 
it can apply similarly. Moreover, although the gestalt of above-mentioned operation explained the individual cooling 
system which cools a heating element according to an individual to the example, it is applicable similarly [ in the case of 
package cooling system ]. Although the gestalt of above-mentioned operation explained the case where an inverter stack 
was constituted by two GTO thyristors 10 and 12 and three cooling objects 22-24, it is applicable also like the inverter 
stack which consists of the GTO thyristors and cooling objects of the number beyond this. Although the interconnecting 
tube was returned with the gaseous-phase pipe and the case of the double pipe structure of a pipe was explained to the 
example with the gestalt of above-mentioned operation, it is applicable also like what returned with the gaseous-phase 
pipe and has arranged the pipe separately. 
[0022] 

[Effect of the Invention] the conductor of the stack structure of this invention - the conductor of the electrical part 
which constitutes a stack according to a connection method and the stack structure, without making assembly time 
amount, components mark, storage space, etc. increase - it is effective in comrades being easily connectable. 
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